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Read Jan. 26, f u V H E public hath of late been a- 
17641 J[ greeably entertained with defcrip- 
tions of many curious Foffils difcovered in diderent 
parts of this kingdom: but very little hath been of¬ 
fered with a view to afcertain their origin and forma¬ 
tion ; a point of much greater importance to a curi¬ 
ous mind, than the mod accurate defcriptions, or the 
neated delineations. It may indeed be thought un- 
neceffary at this time, to fay any thing of the origin 
of extraneous Foffils in general j all our modern 
naturalids being fully convinced, that they are the 
exuviae or remains of animals and vegetables, and the 
greater part of them of marine production. 

But as to their particular origin and formation; 
in what manner they were produced in the recent, 
and how and with what matter they afterwards be¬ 
came impregnated in their foffil date ; all this is a 
field of natural inquiry, that has her»n very much neg¬ 
lected, notwithdanding it is the mod fertile and pro¬ 
ductive of ulefuL and entertaining knowledge. Be- 
fides, were we to confident in this view, the recent and 
foffil remains would be found to throw a mutual light 
upon each other, and the naturalid would not be fo 
often at a lofs to clafs every new foffil acquifition, of 
which the recent ipecimen is not to be found, efpeci- 
ally whenever the foffil has* any thing feemingly 
aequivocal in its formation, fo as on a fuperficiaL im- 
fpeCtion to render the matter doubtful, whether the 
body belongs to the animal or vegetable kingdoms, 
or indeed to either of them. One of the fird 
note is the Belemnite, which has not until very lately 
been evenjanked amongd the marine productions; 

but 
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but whofe origin and formation have never yet been 
fully explained. I lhall not enter into a minute detail 
of the feveral fpecies of the Belemnite. The hiftory 
of this extraneous fofiil, or an attempt to account for 
the origin and formation of the Belemnite, fo far as 
they can. be difcovered and confirmed by reafonings 
drawn from fadts and experience, is the objedt of 
the prefent enquiry. I (hall therefore confine my 
felf to two fpecies of the Belemnite; the one com¬ 
mon in molt counties of this kingdom, and vulgarly 
known by the name of Thunder-bolt [a]: the other 
that of the fufiform or Spindlekind [£], found in 
llate-flone at Stons-field, but in far greater plenty 
in the clay near Piddington [c] Oxfordfhire; and 
in the chalk-pits of Kent and Surrey \d\. Thofe in 
chalk have been often miftaken for fpines of the 
fea-hedgehog, or Echinus Ovarius ; but the charac- 
teriftics of thefe two bodies are widely different. 
The Belemnite breaks in a diredtion perpendicular 
to its axisfi’]' the (pine obliquely \f]- The Be¬ 
lemnite, when broken, exhibits central rays; the Spine 
a fmooth refplendent furface. This diftindtion is 
invariable, if the trial be repeated a thoufand times. 
Thefe different appearances are probably the effedts 
of different formations: and therefore the Belemnite 
feems to be formed by appofition, and the Aculeus 
or Spine by protrufion, or, as Mr. Reaumur calls it, 
by intus-fufception. The radii in the Belemnite are 
owing to the fine laminae, of which it is compofed; 
they are fo very thin, and break fo nearly alike, that 
they have ever an horizontal furface when broken, 

[a] Tab. III. Fig. r. [£] Fig. 2. [c] Fig. 3. 

id] Fig. 4. OJ Fig. S . [/] Fig. 6. 


which 



[ 4i ] 

which is common to all the fhells of the trichite 
kind [g]. The fpine being formed by protrufion, its 
component parts are adjufted on a different manner, 
and the pores like the cancelli in bones (though not fo 
diftindt) are irregular, which is the reafon of its break¬ 
ing obliquely in any direction, but it is generally fmooth 
by being faturated with a plated kind of fpar [b]. 

My ingenious and very worthy friend Mr. Brander, 
in a diflertation on the Belemnite, prefented to the 
Royal Society [/], juftly obferves; “ that the Be- 
“ lemnite belongs to the teftaceous part of the ani- 
" mal kingdom, and to the family of the nautili.” 
And I would beg leave farther to add, that this gen¬ 
tleman’s fentiments are greatly ftrengthened by the 
furprifing analogy, which the Belemnite bears to the 
little pearly concamerated fhell, or cornu Ammonis; 
and the orthoceratites, to the large nautilus; the 
former having its fiphunculus upon the verge, as 
the latter has it in the center of the diaphragm, or 
partition, of each cell or chamber. « It has indeed 
been truly matter of Ipeculation (continues Mr. 
Brander) how this huge folid fubftance called the 
Belemnite, exclufive of the nucleus, could be formed; 
and how it happens, that fome Belemnites fhould have 
the nucleus within them, others not; the cavity to 

M Fig* 7 * A P* ece of the Penna Marina, perforated by 
the Pholades. 

[A] Spar feems to be nothing but cryftal debafed by a cal¬ 
careous earth: the more debafed fort breaks in a hairy trichite man¬ 
ner, the more pellucid kind with a fmooth furface; and always in 
an oblique rhomboidal direction; which perhaps may in fome 
meafure enable us to account for its double refraction. 

[ J 'j Philofophical T ran factions, Vol. xlviii. for 1754, page 
803. 
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contain the fame in fome very final!, in others fcarce 
or not at all vifible”.— But I flatter myfelf, that it 
will be found upon enquiry, that thefe are only cir- 
cumftances, which are common to other teftaceous 
bodies, that have been accidentally broken or decayed 
by time, when forfaken by their inhabitants. For no 
teftaceous body can be formed without an inhabitant j 
nor does it appear to me, that any Belemnite was 
ever formed without an alveolus, or concamerated 
fhell. 

The conical cavity and its nucleus are al ways pro¬ 
portioned to the bulk of the Belemnite, but not to 
its length: fome are four times longer in proportion 
to the alveolus than others. The apex of the conical 
cavity, where the alveolus is firft formed, in fome runs 
up about half the length of the whole Belemnite; 
in others not a fixth part of the whole [£]: but the 
aperture, or upper chamber [/] is equally proportionable 
to the bulk, or circumference of the Belemnite, of 
whatfover flze orihape; and is the feat \m\ or dwell¬ 
ing-place of the animal, that forms the Belemnite. In 
whatmanner this work is executed, I fhall now endea¬ 
vour to explain. 

A confiderable part of marine bodies, efpecially 
thofe of the teftaceous tribe, are generally buried in 
mud or fand, except fome few, which ftick to rocks, 
&c. as the limpets and periwincles; by which means 
we are prevented from making thofe remarks upon 
the feveral ftages of their growth, which an accurate 
enquirer would defire. We muft therefore have re- 

[*] Fig. 8. [/] Fig. xiii. b. c. 

[w] We never find a Belemnite with part of the alveolus, 
but the vefligia or marks of the remainder appear in the cavity, 
and are continued to the verge of it* 

courle 
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courfe to the different fteps or periods of their life 
and growth, as they are marked out by the indented 
lips or foldings of the fliell; untill they arrive at 
their full fize; when they begin to fortify thetn- 
felves, by bulwarks and ftrong holds, againft the 
injuries and incidents, which attend old age. 
This is moft confpicuous in the cowree, or concha 
Veneris of Lifter, book iv. fedt. 9. 

Mr. Reaumur [«] found, by repeated experiments, 
that land fnails form their fhells by juxtapofition: as 
the animal grows in bulk, the fhell is increafed by 
a mucous matter emitted from the body of the animal, 
whic hhardens by degrees into a teftaceous fubftance: 
and from the experiments upon land fhells that 
great naturaliftconcludes by analogy, that all teftaceous 
bodies are formed in the like manner, particularly thofe 
of the turbinated kind. 

To this general rule an objection is made by Mr. 
Poupart, from the formation of the cowree, or con¬ 
cha Veneris before mentioned: but this learned gen¬ 
tleman was not aware, that this fhell is firft a buccinum, 
forming many convolutions before it draws in the 
verge to form the indented lip. 

It was this very objection of Mr. Poupart, which 
led me to examine into the growth of the cowree > 
and by fawing one of them through the middle, Ifound 
a turbinated fhell within the outer wall, confifting of 
fix or feven convolutions, but no ftages, or periods, 
of the indented lip appeared in any of the convolu¬ 
tions, as we find in the helmet fhell, andfeveral of the 
buccinae. I then began to confider how this animal 
enlarged its dwelling; and was fully convinced, that 

[«] Sec his book of infe&s. 
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no more convolutions could be carried on ; the in¬ 
dented lips being a full Hop to its inward dimenfions; 
and that here was the period of its growth. My 
fentiments were juft as to its inward dimenfion; but 
obferving that the lips of fome were much larger 
than others, and that the curved part of the outer 
lip appeared thicker, when fawed open, than the 
other parts of the Shell; I began to think, that the 
animal, inftead of enlarging the inner dimenfions, 
was employed in thickening the outer wall, to guard 
againft injuries and accidents, fo common to the 
inhabitants of that turbulent element the fea. I was 
the more confirmed in thefe fentiments by feeing the 
beautiful Spots, with which this animal decorates its 
houfe, covered by other fpots of different colour and 
Size, as new laminae were added to ftrengthen the 
laft-formed convolution. It is really matter of 
admiration to fee how thefe fhells are adorned and 
variegated; theexquifite polish, which covers the whole 
infinitely furpafling the Skill even of the moft accom¬ 
plished human artift. Thefe new coverings or la¬ 
minae, which are carried from the lips, terminate in 
the middle of the back part of the Shell; and there, 
form a lift, or feam, of a quite different colour from 
that of the other part of the fhell, and of an unequal 
furface. 

This very drcumftance gave birth to my fentiments 
concerning the formation of the Belemnite: for who-* 
ever considers the feam or fulcus in the Belemnite, 
will, I think, conclude with me, that the outward' 
lamina is formed lateft, as in the cowree, and that 
the feam or fulcus is caufed by the feveral additional 
coverings or laminas terminating there. But as the 
anatomift makes fre£h difeoveriea by differing the 

fubjedtj 
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fubjedt, fo (if I may be allowed the comparifon) I 
received farther information by luckily meeting with 
a Belemnite, whofe lamina; were in a manner diffe&ed 
and laid open by the vague acid, or fome other cor¬ 
roding menftruum, which every where pervades the 
earth, deftroying fome bodies [o], and forming 
others [y?]. The laminae of this truly wonderful 
body are here expofed to view [y], and plainly fhew 
us, that nature, in this, as in all her works, purfues 
the mod Ample, eafy, and fhorteft methods, though 
they appear ever fo intricate and interwoven. This 
fpecimen will, I hope, ferve to explain a matter, which 
hath fo long puzzled the curious in natural hiftory j 
and convince us, that there is nothing more wonder¬ 
ful in the formation of the Belemnite, than in that 
of a cockle, oyfter, or any other teftaeeous fub- 
ftance j with this difference only, the oyfter 
ftrengthens its fhell, and excludes its firft habitation, 
by additional laminae formed within; the Belemnite 
inclofes its dwelling by adding new laminae without. 
Figure X. reprefcnts the Belemnite fplit up the 
middle, with the fiphunculusin the front: a, b exhibit 
the firft formed cell, or feat of the animal ab ovo. As 
the animal grows larger, it forms a fecond cell or cham¬ 
ber bloc, at the fame time covers the firft cell, by 
forming the appendage or guard c, /, which is the firft 
ftageof the Belemnite. In forming the third cell c, d, 
frefh laminae or coverings are carried on from d, to k ; 
and fo of the reft, e,f, g, h-, or /, m, n, o. When we 
have duly confidered the manner, in which the fhell is 

[<?] All calcareous fubftances. 

Such a$ felenites, pyrites, marcafites, ta^Jr, gvp** 
fum, &c. 

W F 'g> 9 - 
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thus formed; it will be no difficult talk to account 
for the different fedtions and broken parts of the 
Belemnite; and in what manner they were reduced to 
the feveral forms or appearances, in which we com¬ 
monly find them. 

The better to illuftrate my conjecture, I ffiall firfl: 
exhibit fome drawings, which ffiew the feveral fpe- 
cimens broken and imperfedt j and then propofe my 
fentiments concerning them before they were deferted 
by their inhabitants. Figure 6. thews the fpine of 
the echinus ovarius broken obliquely, as is common 
to all of them. Figure 5. exhibits the inward ftruc- 
ture of the Belemnite, when broken horizontally, with 
the central rays. Figure xi. is the fame Belemnite 
fplit through its axis. Figure xii, and xiii, are broken 
in the fame dire&ion as Fig. 5. and xi, and ffiew 
how the feveral laminae [r] are placed one over 
another in the manner, in which it is formed. Fig. 
xiv. thews the Belemnite in the moft perfedt ftate we 
ever find it. Fig. 4. is the fufiform Belemnite found 
in chalk, which has been often taken for a ipine. a> 
which is the termination of the conical cavity, has 
been thought to be the focket of the tpine, which 
receives the papilla, when growing to the echinus; 
but, when compared with the focket of the true 
fpine [j], we find it widely different. The pricked 
lines b y c. b, c. ffiew what the fufiform Belemnite 
was, when perfedt, with the alveolus d y e. Many of 

[r] Thefe diftin&ions of the laminae I prefume to be owing 
to the mineral fteams infinuating themfelves into the Belemnite, 
when thefpar pervaded the pores, and deftroyed the texture, but 
retained the true form by fubftituting its felf, and filling the 
Plafm or mould of the Belemnite* 

Is} Fig. 6* b ♦ 

I 


thofc 



[ 47 ] 

thofe found in chalk feem to be fomewhat injured 
at the end a , where they are deficient, and are 
rounded, but have an uneven furface, as if they had 
been gnawed or eaten by the pholas. Thofe found in 
day near Piddington [/], Oxfordfoire, approach nearer 
to the fufiform kind, and have a different appearance 
at the fmaller end f where the laminse are reduced 
to a white impalpable powder, by corrofive juices 
in the earth, fo as to {fain the fingers when firft taken 
out j and they afterwards retain a white chalky ap¬ 
pearance : but, amongfl a great number, I never 
found one that was three inches long. Thefe have 
fuffered in the fame manner as Fig. iv. Fig. 3. ^ 
thews where the alveolus terminates: g, h. g, b. 
how much has been deftroyed by vitriolic acids [a]. 
At Stons-field they are found much longer than at 
Piddington, and are inclofed in ffone, which is fplit 
by the workmen to make flates. Here we often find 

[0 Fi g- 3 * 

[u] It may be afked, why one part fufrers more than another, 
as all parts are homogeneous, and free from extraneous mixtures ? 
Myanfweris; becaufe thofe parts, where the concamerated fhell 
is lodged, are much thinner than the other parts of the Belem- 
nite; and confequently the walls are more eafily broken down, 
and the alveolus, being ftill lefs folid, is fooner deftroyed, and re¬ 
duced to an impalpable powder, by vitrolic and other acids, which 
the water takes up as it palfes through different ftrata, abounding 
more or lefs with pyritical matter. Where no fpar follows 
the acid, *the parts are carried away and loft in the interftices 
of the earth, and a mould or plafm is left, which Steno calls an 
aerial fhell. See his Prodomus, pag. 84. But where the fpar 
abounds, it pervades the whole fubftance, fills up the cavity, and 
aflumes the true form of the .fhell; and fometimes, by burfting 
the pores, is fo far fubftituted in the place of the original particles, 
that the feveral diaphragms, with the fiphunculus of the 
alveolus, are acurately and nicely preferved* 
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them in a much more perfect ftate [w] than the for¬ 
mer, with the alveolus in many of them; but that 
part is commonly crufhed [x] by the incum¬ 
bent matter. 

The fiphunculus of the Belemnite is always upon 
the verge of the chamber, or cell j and in the fip¬ 
hunculus is a little gutt or duCtus, proceeding from the 
body of the animal, by dilating or contracting of which 
the animal, it (hould feem, may go out or into its cell 
atpleafure. Thisis theonly ftay, which the animal has 
to fecure its retreat: but I cannot agree with the learned 
dodor Hooke [s], that the gut or duttuspajjes through all 
the cells to the end of thefpiral cone , either in this (hell or 
the nautilus. His difcovering of a fpiramentum in the 
center of the latter was merely conjectural j for the ends 
of the fpiral cone of concamerated (hells [#] are (hut 
up in the fame manner with thofe of the turbinated 
kind: and it is common for all turbinated (hell-fi(h, 
as they increafe in bulk, and enlarge their (hells, 
to leave their bottom or firft-formed convolutions. 
Therefore I make no doubt but the fame is done by 
the concamerated tribe; for if the gut go through 
only one or two valves, it will be a fufficient ftay to 
the animal, and, being contracted or dilated, will 
ferve all the purpoles above mentioned. How far 
this is practicable by our little inhabitant, cannot ab(b- 
lutely be determined; but if it be conftant.lv fixed 
by the gut to the fiphunculus, it has a furprifing 
power of contracting and dilating its body, to ex¬ 
pend fo far as the bottom or point of the Belemnite, 


P- 


fiyj Tig. 2. [*] Ibid* 

[z] Hooke’s pofthumous works publilhed by Derham 8*. 
3O6. 

[a] See the little pearly cornu-ammonis (hell. 
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which in fome is more than thirty times the length 
of the cell, into which it returns [b]. I am apt to 
think, that this gut or du&us, as well as the body 
of the creature, is capable of being extended very 
confiderably, toferve all the ufes of forming the Be¬ 
lemnite, without leaving the fiphunculus; and that 
the gut ferves for the fame purpofes with the tendons 
of the oyfterj the latter to open and fhutthe fhell; 
the former to allow the animal to go out and in at 
pleafure. And as the oifter feeds altogether in the 
fhell, by opening the verge, the Belemnite (whofc 
refidence is in the great deep, which is feldom dis¬ 
turbed) very likely goes out in quefl of food, but 
travels only upon the guard or rampart, leaving a 
trail behind, as all land fnails do; which hardening 
into a teftaceous fubftance, increafes the dimenfions of 
the outer walls, both in length and thicknefs, from 
the cell or chamber, to the bottom or point of the 
whole Belemnite. The animal in its progrefs and 
return clafps the whole guard, as a fnail does a fmall 

branch of a tree in the gardens and where the two 

Tides meet, there the fulcus is formed, as is evident 
from the laminae in Fig. g. 

The Belemnites,like all other teftaceous bodies,have 
.the vermicular tribe attached to them, and are per¬ 
forated by the pholades. Other marine bodies alfo affix: 
themfelves to the Belemnites, oifters in particular: 
but this never happens whilft the animal inhabits the 
fhell, becaufe the new additional laminae would fo 
cover the affixed body, and alfo the cells of the pho¬ 
lades and vermiculi, that they could have no com¬ 
munication with the water, and muft confequently 

P] Fig. 8. 

Vol. LIV. H periffi. 



. [ 5 ° ] 

perifh. Thefe bodies, thus attached, are the ftrongeft 
proof we can defire, that the Belemnite is of marine 
production. Indeedit may be objected, that the bones 
of quadrupeds, wood, and ftone have thefe bodies ad¬ 
hering to them, and therefore may be faid to be ma¬ 
rine, as well as the Belemnite. But when we bring 
them to chemical tryal, the objection vanifhes; for 
the bones either come out of the furnace With a black 
core, or they are reduced to afhes ; whereas the Be¬ 
lemnite is changed into a fine calx, after the man¬ 
ner of all teftaceous bodies, and is converted into a 
fpecies of phofphorus [c]. The oifters, having no 
loco-motion, frequently affix themfelves to other bo¬ 
dies, that they may be better able to Item the tides, 
and currents, which might otherwife carry them 
from their proper beds, and'places of feeding. This 
attachment to other bodies no way incommodes them, 
becaule they increafe the dimenfions of their fhells 
by adding frefh laminae inwardly: the firft formed la¬ 
minae, being, as it were, excluded, lie in the manner of 
tiles upon the roof of a houfe, and exhibit the feveral 
Heps or ftagcs ot their growth, 

1 believe a Belemnite is very rarely found perfeCt in 
the foffil ftate; thofe in gravel-beds [d] have fuffered 
very much by being rubbed againft Itones, &c. by 
the fluctuating waters: thofe, which we find in. rubble 
at Garfington-pitts jVJ, have many adventitious bodies 
adhering to them, and confequently were deferted by 

[c] Tire Belemnite after calcination, has all the properties of 
the Bolognian ftone. If it be expofed a few minutes to the Sun, 
and immed ately taken into a dark room, it will Ihine like Pnof- 
phorus for fome time ; and when the light diminilhes, if again 
expofed to the Sun, its fplendor will be renewed. 

M Fig xv. [rl Fig. xvi. 
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their inhabitants before they refted there. In the clay 
at Shotover [/] near Oxford, they have a curious 
fmooth furface, but are other wife imperfect: at 
Stonsfield, in the flate-flone, they ai£ generally 
crushed [g]: thofe approaching neareft to perfec¬ 
tion, which I have feen, came out of the fand [£], 
under the bed of ftone at Garfington-pitts near Ox¬ 
ford : the outer part is quite perfedl, and the verge of 
the conical cavity is as thin as paper, but the alveolus 
is deftroyed, except the apex or point. At Thame, in 
digging f° r fame, feveral fmall ones were found in 
a ftratum of blue clay of a more cylindrical form [z] ; 
fome of which have the pearly fubftance ftill remain¬ 
ing; an inconteftable proof of their being marine 
productions. 

How much of the cavity is occupied by the alveo¬ 
lus, cannot be truly afcertained, until a perfect one 
can be found, which it will be hard to do in the 
foffil-ftate; but if we may judge from the nautilus, 
the walls are carried to a diftance from the laft formed 
valve, much greater than that, at which the valves 
are placed from each other; as in fig. xiii. from a , to 
b, which gives the animal all the convenience of 
forminga new valve or diaphragm, c. This circum- 
ftance has been very ingenioufly cleared up by a learn¬ 
ed phvfician in one of our monthly papers [*]. 

The recent nautili are very common in the eaftern 
feas; and in the fofiil ftate are frequently found with 
the Belemnites at Garfington near Oxford. Why may 
we not therefore expeCt to find a recent Belemnite, 

J /3 O] Fig. 2. y. 

t^>] Fig. XIII. [*J Fig. xvii. 

[*J (aent. Magazine for Jan. 1752. pag. 8. 
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as well as a recent nautilus, if a diligent perfon were 
ftridl.ly to examine the coafts, where the nautili are 
found? Perfons commiftioned to colledt ftiells, and 
other curiofides, generally grafp at fuch things as 
feaft the eye j not regarding thofe of lefs beauty and 
luftre, which would help us in our refearches, and 
greatly illuftrate the more ufeful parts of this ftudy. 
A premium, offered by a Society of Vertuofi, might 
encourage our fea-faring gentlemen to fearch the fe- 
veral coafts, upon which they touch in their long 
voyages, and to ufe drag-nets as they do in drudging 
for oifters: from fuch afliftance, variety of new 
fubjedts would be produced; and great improvements 
might be expedfced, if their inquiries fhould be 
fuccefsful. 
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